THAT WHICH IS CLAIMED: 

1 . A microelectromechanical device comprising: 
a microelectronic substrate; 

a thermally actuated microactuator disposed on said substrate and 
comprised of a single crystalline material; and 

at least one metallic structure disposed on said substrate and spaced from 
said microactuator, wherein said microactuator is adapted to 
operably contact said at least one metallic structure in response to 
thermal actuation thereof. 

2. A microelectromechanical device according to Claim 1 wherein said at 
least one metallic structure comprises two metallic structures. 



3. A microelectromechanical 
one metallic structure is engaged and moved 
actuation thereof. 



4. A microelectromechanical de^ 
least one metallic structure comprises a plun 
one of the plurality of metallic structure is 
mxicroactuator brings said microactuator int® \ 
structure, thereby allowing the moveable rme t 
plurality of metallic structures such that n/et a 
into contact in response to thermal actuatior 



according to Claim 1 wherein at least 
by said microactuator upon thermal 



dee according to Claim 1 wherein said at 
lity of metallic structures, wherein at least 
vable such that thermal actuation of said 
iperable contact with the moveable metallic 
Ilic structure to contact at least one of the 
structures may be selectively brought 
of said microactuator. 
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5. A microelectromechaiical device according to Claim 1 wherein the 
microelectromechanical device is a re lay, and wherein said at least one metallic structure 
comprises two metallic structures, wh erein one metallic structure is fixed and the other 

thermal actuation of said micro actuator brings said 
the moveable metallic structure, thereby 



metallic structure is movable such th; 
microactuator into operable contaci 



the metallic structures may be select) 
actuation of said microactuator. j 



allowing the moveable metallic struc ure to contact the fixed metallic structure such that 



ely brought into contact in response to thermal 



10 6. A microelectromechanical device according to Claim 1 wherein the 

microactuator further comprises: 

spaced apart supports disposed on said substrate; 

at least one arched beam extending between said spaced apart supports; 
an actuator member operably coupled to said at least one arched beam and 
15 extending outwardly therefrom; and 

means for heating said at least one arched beam to cause firrther arching 
thereof such that said actuator member moves between a first 
position in which said actuator member is spaced apart fi-om said at 
least one metallic structure and a second position in which said 
20 actuator member operably engages said at least one metallic 

structure. 

7. A microelectromechanical device according to Claim 1 wherein said 
microactuator is thermally activated by internal heating thereof. 

25 

8. A microelectromechanical device according to Claim 1 wherein said 
microactuator is thermally activated by external heating thereof. 

9. A microelectromechanical device according to Claim 1 wherein said 
30 microactuator comprises a plurality of arched beams coupled together. 
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10. A microelectromechanical device according to Claim 1 wherein said 
microactuator is comprised of single crystal silicon. 

11. A microelectromechanical device according to Claim 1 wherein said at 
5 least one metallic structure is comprised at least one of nickel and gold. 

12. A method of fabricating a microelectromechanical structure having 
components formed of a single crystalline naterial and components formed of a metallic 
material, said method comprising the step£ of; 

10 forming a microactuator frc m a wafer comprised of a single crystalline 



material; 




forming at least one metalli \ structure upon a first major sxjrface of a 

substrate such that tl le metallic stracture is movable relative to the 
substrate; and 

bonding the microactuator w pon the first major surface of the substrate 



following said formi 



ig steps such that portions of the 



microactuator are m< )vable relative to the substrate in order to 



operably engage the 



metallic structure in response to actuation 



thereof. 



i 20 



13. A method according to Clai ti 12 wherein the step of forming a 
microactuator further comprises forming m. least one of a thermally actuated 
microactuator and an electrostatic actuamn. 




25 



14. A method according t© Claim 12 wherein the step of forming a 



microactuator further comprises forminathe microactuator from a single crystalline 
silicon wafer. / 
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15. A method according to Claim 12 wherein the step of forming a 
microactuator comprises depositing a photoi ssist layer on the wafer, patterning the 



photoresist such that the photoresist which r 
the wafer to form the microactuator. 



one metallic structure comprises depositing 
depositing a photoresist on the plating base, 



imains defines the microactuator, and etching 



A method according to Claim 12 wherein the step of forming said at least 



i sacrificial plating base on a substrate, 
oatteming the photoresist to open at least one 



window to the plating base defining the shape of said at least one metallic structure, and 
electroplating metal within said at least one a nndow to form said at least one metallic 
structure. 



17. A method according to Claim 
metallic structure further comprises forming 
nickel. 

18. A method according to Claim 1 
comprises bonding the microactuator to the 
process further comprising at least one of a 
bonding process. 



12 wherein the step of forming at least one 
aid at least one metallic structure from 



2 wherein the bonding step further 

e using a low temperature bonding 
bonding process and an anodic 



rcmiechanical structure having 
and components foraied of a metallic 

ingle crystalline material upon a first 



19. A method of fabricating a micrc j 
components formed of a single crystalline 
material, said method comprising the steps/^ 
bonding a wafer compris^jy ^f a 

major surface of a substr; ite; 
defining at least one window tlir )ugh the wafer; 
forming at least one metallic structure within said at least one window 
defined by the wafer; and 



-21- 



Atty's Docket No. 540-267 



forming a microactuator from the 



that portions of the microactuator are movable relative to the 



substrate in order to operab 



response to actuation there< if. 



afer following said bonding step such 



ly engage the metallic structure in 



A method according to Claim 1 9 ftii 



irther including the step of depositing a 



sacrificial plating base on the surface of the substt-ate prior to the bonding step. 



21. A method according to Claim 1 9 
10 comprises bonding a single crystalline silicon w; 

substrate. 

22. A method according to Claim 1 9 
comprises bonding the microactuator to the subs 

1 5 process further comprising at least one of a eutec 
bonding process. 



23. A method according to Claim 19 
comprises depositing a photoresist layer on the v, 
20 at least one window to the wafer defining the 

and etching the wafer to expose the plating base 



vherein the bonding step further 
fer upon a first major surface of a 



vherein the bonding step fiirther 

using a low temperature bonding 
tic bonding process and an anodic 




wherein the defining step further 
afer, patterning the photoresist to open 
of the at least one metallic structure, 
;hrough said at least one window. 



sha pe 



24. A method according to Claim 19/ wherein the step of forming at least one 
metallic structure comprises electroplating xs^l within said at least one window in the 

25 wafer to form said at least one metallic str 

25. A method according to Cl^m K9 wherein the step of forming at least one 
metallic structure comprises forming said at least one metalhc structure from nickel. 
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26. A method according to Clam 19 wherein the step of forming a 
microactuator further comprises forming at least one of a thermally actuated 
microactuator and an electrostatic actuator . 



5 27. A method according to Cia|m 

microactuator further comprises depositing 
the photoresist such that the photoresist 
etching the wafer to form the microactuat( ir. 



19 wherein the step of forming a 
a photoresist layer on the wafer, patterning 
■ch remains defines the microactuator, and 



28. A method of fabricating a 
components formed of a single crystalline 
material, said method comprising the step; 

bonding a wafer comprised 

major surface of a 
forming at least one metall; 
substrate following 
structure is movabl* 



r licroelectromechanical structure having 
material and components formed of a metallic 
of: 

of a single crystalline material upon a first 
ibstrate; 

c stmcture upon the first major surface of the 
said bonding step such that the metallic 
relative to the substrate; and 



forming a microactuator fr )ra the wafer following said bonding step such 
that portions of the microactuator are movable relative to the 
substrate in order tp operably engage the metallic structure in 
response to actuatron thereof. 



29. A method according to Claim 28 wherein the bonding step further 
comprises bonding the microactuator to/the sub^ate using at least one of a eutectic 
bonding process, an anodic bonding i^cpa^and a fusion bonding process. 



30. A method accordinj 
comprises bonding a single crystal] 
substrate. 




Claim 28 wherein the bonding step further 
i silicon wafer upon the first major surface of the 
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31. A method according to Claim j28 wherein the step of forming at least one 
metallic structure comprises depositing a sacrificial plating base on the substrate, 
depositing a photoresist on the plating base, patterning the photoresist to open at least one 
window to the plating base defining the shape of said at least one metallic structure, and 
electroplating metal within said at least on^ window to form said at least one metallic 
structure. 



32. A method according to 
metallic structure further comprises formiij 
nickel. 



Cla|m 28 wherein the step of forming at least one 
Lg said at least one metallic structure from 



33. A method according to Cla: tn 28 wherein the step of forming a 
microactuator further comprises forming a ; least one of a thermally actuated 
microactuator and an electrostatic actuator . 

34. A method according to Cla m 28 wherein the step of forming 
microactuator comprises depositing a phi^ ^^e^st layer on the wafer, patterning the 
photoresist such that the photoresist wh|^ remains defines the microactuator, and etching 
the wafer to form the microactuator. 



7 



A microelectromechanical device comprising: 
a microelectronic substrate; 

a microactuator disposed on said substrate and comprised of a single 
crystalline material; and 

at least one metallic structure disposed on said substrate adjacent said 
microactuator and on substantially the same plane, wherein said 
microactuator is adapted to operably contact said at least one 
metallic structure in response to actuation thereof. 
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36. A microelectromechanical device according to Claim 35 wherein the 
microactuator is at least one of a thermally actuated microactuator and an electrostatic 
microactuator. 

5 37. A microelectromechanical device /according to Claim 35 wherein at least 

one metallic structure is engaged and moved by laid microactuator upon actuation 
thereof. 



25 



38. A microelectromechanical device according to Claim 35 wherein said at 
least one metallic structure comprises a plurality of metallic structures, wherein at least 
one of the plurality of metallic structure is mo\|able such that actuation of said 
microactuator brings said microactuator into oaerable contact with the moveable metallic 
structure, thereby allowing the moveable met^lic structure to contact at least one of the 



plurality of metallic structures such that metal 
into contact in response to actuation of said m 



ic structures may be selectively brought 
.cro actuator. 



39. A microelectromechanical devi ce according to Claim 35 wherein the 
microelectromechanical device is a relay, and wherein said at least one metallic structure 
comprises two metallic structures, wherein on z metallic structure is fixed and the other 
metallic structure is movable such that actuatto of said microactuator brings said 
microactuator into operable contact with the mc jjeable metallic structure, thereby 
allowing the moveable metallic structure tcJfcprjjcact the fixed metallic structure such that 
the metallic structures may be selectively brought into contact in response to actuation of 
said microactuator. 

40. A microelectromechanical device according to Claim 35 wherein^the 
microactuator further comprises: 

spaced apart supports disposed on said substrate; 

at least one arched beam extending between said spaced apart supports; 
an actuator member operably coupled to said at least one arched beam and 
extending outwardly therefrom; and 
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means for heating said at least one arched beam to cause further arching 
thereof such that said actuator member moves between a first 
position in which said actuator member is spaced apart from said at 
least one metallic structure and a second position in which said 
actuator member operably engages said at least one metallic 
structure. 



41 . A microelectroraechanical devic^ according to Claim 35 wherein the 
microactuator further comprises: 

at least one stator having a plural 
disposed on said substrate 
at least one shuttle disposed adja< ent the stator and movable with respect 
thereto, the shuttle having 
therefrom, the fingers bei 
protruding from the state 
at least one support disposed on 



means for electrically biasing sai 
least one shuttle to cause 
actuator member moves 1 
actuator member is space 
structure and a second pi 



■ty of fingers protruding therefi-om and 



a plurality of fmgers protruding 
ig interdigitated with the fingers 



■ he substrate; 

an actuator member operably coi pled to said at least one shuttle and said 
at least one support; and 

1 at least one stator with respect to said at 
novement of the shuttle such that said 
etween a first position in which said 
torn said at least one metallic 
!tion in which said actuator member 



operably engages said /t|feast one raetaUic structure. 

42. A microelectromechanical device according to Claim 35 wherein said 
microactuator is comprised of single crystalline silicon. 



43. A microelectromechanical device according to Claim 35 wherein said at 
least one metallic stmcture is comprised at least one of nickel and gold. 
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